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S u b m it t e d  to J.A .C.S.

Tetradecaisopropoxydihydridotetratungsten (IV). Oxidative Addition of

PrO—H across a Tungsten—to—Tungsten Triple Bond.

Sir :

Bimetallic compounds ontaining metal—to—metal multiple bonds 1 will

occupy an impor tant position in the development of transition metal

cluster chemistry .
2 

They are the smallest examples of unsaturated cluster

compounds and shou ld provide building blocks for the synthesis of new poly—

nuclear cluster compounds. Furthermore their reactions should complement

those well documented in mononuclear transition metal chemistry .
3 We wish

now to repor t the p repara tion and charac teriza t ion of a novel tetranuclear

tungsten compound which illustrates these considerations.

4 -Hydrocarbon Solutions of W 2 (NM e2 ) 6 (WEW ) react rapidly with isopropanol

at room temperature with the liberation of amine. Upon removing the

solvent a black solid of empirical formula W(OPr
i
)
3 
based on elemental analysis5

was obtained . The black substance gave very complex nmr spectra and was

thermally unstable yielding propylene , isopropanol and traces of water as

vola tiles when hea ted above 80° C in vacuum. These observations contrast

with the reaction between Mo
2
(NMe

2
)
6 

and isopropanol which y ields the

thermally stable and well characterized compound Mo
2

(OPr 1)
6

(Mo~Mo).
6

Addi tional stud y of the reac tion be tween W 2 (NM e2 ) 6 and isopropanol in a

sealed system showed that along with dimethylamine a gas non—condensable

in liquid N
2 was formed. The latter was identified as molecular hydrogen

by mass spec troscopy. The solids obtained from the reaction between 
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W 1 ( N M e  and i s op r o p a n n i  are ext remel y s o l u b l e  i n  h ex ane  and g ive

U~~ Ofl rare’ ul r v s  ta l i i  Zr ,  t ion t h o  t i t l e  cOm J) OtITl d W 4 (H ., ) (UP r l ) 
~~

in a b o u t  50% y i e l d  1’~isod  on tungsten.

The presence  of h y d r o g e n  a roms in  b r i d g ing  p o s i t  Ions  Wa s d t ( I t I ( ( d  In

the lollowing way :

(1) An x—ray c rystallograp hic study
7 

initiall y showed the structure

in F ig. 1, with the bond distances and angles in Table I. The molecule

resides on a crystallographic inversion center (between W(1) and W(l)’).

The outer tungsten atoms , W(2) and W(2)’ , are coordinated to three

t er t n i n a l  and two bridging OPr1 ligands while the inner tungsten atoms ,

W(l) and W(l)’, are coordinated to one terminal and four bridging OPr
1

ligands. Each tungsten atom is thus coordinated to five oxygen atoms

and the  W0 5 polyhedra  are dis torted squa re pyramids.

( 2) According to these resul ts  the compound would have to be either

a mixed valence compound , W 4 (OP r ’) 14, or an alcoholate , W 4 (OPr 1) 12 (Pr 1OH) 2 .

The mixed valence formulation would have difficulty accounting fo r  the

diamagnetism (as shown by nmr) ~nd is more d irectly discredi ted by the

abservation that reaction of W
2(NNe2)6 with isopropanol containing 

Pr 1OT

gave a product containing tritium .
8

(3) However , the presence of Pr1OH was rendered very doubtful by

th e absence of any i.r. or nmr evidence for a hydroxy l group and by the

fact that the compound does not react with pyridine to form W2
(OPr ’)5(py) 2 ,

even though the latter compound has been shown to exist and has been fully

characterized
9 
as a spec ies containing a triple—bond (WEW 2.332(l)A). 

• • •
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(4) These results required us to search for some other formulation

and we were reminded of the IMo 2
X
8HJ 

~ ions 10 
which have recently been shown

d i r e c t l y  by x—ray crystallograph y
11 to contain p—H atoms . The apparent

absence of one b r id g ing l igand  between the  two t u n g s t en  atoms In each 15111

of the tetratungsten structure was hi ghly reminiscent of the apparent
lOd

~
b

absen ce of a th ird br idging ligand in the [M0
2
X
8
H)

3 species , late r shown

to be present as a hydrogen atom.
1
~~~

’11 To test the correctness of the

formula W
4

(OPr 1)14 (p—H) 2, the following two experiments were done.

(5) The ~H rt.nr spectrum at 220 MHz in toluene—d
8 
and benzene—d

6

at 25° was found to contain in addition to the expected PriO resonances

(1.34 ppm (doublet) and 5.27 ppm (septet), each wi th 
~HH~~

6•3 Hz) a

singlet at 7.96 ppm (all positions downfield from TMS). The singlet had

183sa t e l l i t e s  due to coupl ing  to W (I = 1/2; l4.4/~ of natural abundance)

wi th = 95 Hz . Since a cryoscop ic molec u lar wei gh t measurement had

shown that the tetranuclear structure is largely or totally maintained in

solution , we are forced to attribute the simplicity of the spectrum to

some process that scrambles the Opri groups. Since only one pair of

satellites is observed on the 7.96 ppm signal th is same process (or some

other one) must make the tungsten atoms equivalent so that we see only

one 183
W—

1H coup ling constant. It should be remembered that we see only

• those molecules that contain one

( )  We now returned to the x—ray da ta , encouraged by the fact that in

the [M0
2
X
8

H ] 3 ions11 and in numerous other species with M(~ —H)M units the

p—H atoms have been detected and refined. We have found that there is

evidence for a p—H atom between W(1) and W(2) and that it can be refined

successfully as such , to give W(l)—H = l.61(8)A , W(2)—H = 1.89(8)A,

W—H—W = 88(4)° deg. with the isotrop ic temperature factor for p—H equal

0
to l+2A

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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We therefore conclude that each tungsten atom is 6—coordinate as

shown in Fig. 2. All qualitative features of the structure are now

understandable. The W—O bonds trans to p—H are considerably longer

than those trans to p—OPr ’ , which exactly parallels the situation in

the [M o
2

C1
8

H } 3 ion.
11 

The p—H is closer to W(l) so as to minimiz e

the imbalance in electron density distribution that the difference in

forma l oxidation numbers in a symm etrical structure (W(l) = + 3 1/2

and W(2) = + 4 1/2) would tend to create.

Formation of the title compound in the reaction between W
2
(NN e

2)6

and Pr’OH may be attributed to the following reaction steps: (i) alcoholysis,

W—NNe,, + Pr’OH -
~ W—OPr

1 
+ HNMe

2
. (ii) Oxidative addition , W2

(OPr 1)
6 
+

Pr 1OH -
~ W2

(OPr 1)
7
(p—H) . (iii) association by Pr

1
0 bridge formation .

The W (l)—W(l)’ d istance implies no metal—metal bonding , whereas the

W(l)—W (2) distance , 2.446(l)A,is quite consistent with the presence of

a W=W bond .
12 

Our studies on these and related compounds are continuing .
13

Minoru Akiyama and Dorothy Little
Department of Chemistry , Princeton University
Princeton, New Jersey 08540

*
Malcolm H. Chisholm and Deborah A. Haitko
Depar tmen t of Chemistry,  Indiana University
Blooming ton , Ind iana 47405

*F. Alber t Cotton and Michael W. Extine
Depar tmen t of Chem istry
Texas A&M U~siversi ty

• College Station , Texas 77843
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Table 1

i *Some Bond Leng ths and Ang les in W
4

(OPr 
~14

0

Distances , A Angles , Deg.

W (I )—W(i) ‘ 3.407(1) 0(4)—W(l)--O(5) 78.2(3)

W(2) 2.446(1) 0(6) 91.7(3)

W(l)—O(4) 2.101(7) 0(7) 173.4(3)

0( 5)  2 .005(7 )  0 ( 7 ) ’  107.6(3)

0(6) 2.897(6) O(5)—W(l)—0(7) 95.2(3)

0(7) 2.038(6) 0(7)’ 86.6(3)

O(7Y 2.187(6) 0(6) 168.6(3)

W(2)—O(l) 1.904(8)
W(1)—0(4)—W(2) 70.9(2)

0(2) 1.959(7)
0(5)—W(2) 73.1(2)

0(3) 1 .892(7 )
O( 1) — W ( 2 ) — O ( 2 )  91.9(3)

0(4) 2.116(6)
0(3) 94.3(3)

0(5) 2 .100(7)
O(2)—W(2)—0(3) 101.7(3)

O(l)—W(2)—0(4) 94.5(3)

0(5) 169.9(3)

O(2)—W(2)—0(4) 90.5(3)

0(5) 85.2(3)

O(3)—W (2)—0 (4) 164.6(3)

0(5) 95.8(3)

*We give here the final values after refinement with the p—H

atoms included . These differ by only about <O.004A or <0.01° from

th~,se obtained without the p—H atoms.



Fig . 1. A view of the entire W
4

(OPr 1)14 molecule , omitting the

p—H atoms.
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Fig . 2. A view of one confacial bioctahedron , W
2
0
8
H,

moie ty ,  showing the brid ging hydrogen atom .

t
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